INTRODUCTION
Nowadays, passive and wireless sensors based on surface acoustic waves (SAW) resonator are widely concerned. The SAW sensors have been developed to measure torque [1] , mass [2] , strain [3] and temperature [4] .
In a typical SAW device, a surface mechanical wave is generated and propagates in the substrate due to the electro-mechanical coupling effect. The Rayleigh SAW propagates along the interdigital transducers (IDTs) within 3λ in depth, where λ is the wavelength of the acoustic wave.
The characteristics of the SAW sensors are strongly dependent on the piezoelectric substrate.
To operate at high temperature, SAW sensors must be deposited on high temperature piezoelectric substrates.
Among various piezoelectric materials, langasite (LGS) has been thought as one of the most attractive material in high temperature due to its good temperature stability and large coupling constant K 2 (0.34%), which is two times larger than that of ST-quartz (0.14%) [5] . Haifeng Zhang [6] reported the force-frequency effect of LGS resonators.
Peng [7] and Thiele [8] fabricated the high temperature SAW gas sensor with LGS materials. And another LGS SAW gas sensor for hash environment had been reported by David et al. [9] . However, an obviously signal attenuation or an unexpected shift of the resonance frequency of the SAW sensor appear [10] after a long-term measurement in high temperature. This is not only caused by the degradation of the metal electrodes, but also the surface contamination in hash environment. So a protective layer is required to improve the stability of the SAW sensor. AlN film was selected as the protective layer on LGS SAW devices [11] due to its good resistant to chemic corrosion and good Table   1 [14], [15] . The boundary conditions in simulation are presented in Table 2 . The typical simulation displacement mode of the SAW resonator with and without AlN coating layer is shown in p is the pitch and f 0 is the center frequency which is defined as f 0 =v/λ and v is the acoustic velocity. The symmetric resonance frequency and anti-symmetric resonance frequency correspond to the stopband edges of the surface wave. As shown in (1) and (2), the width of the stopband depends on the reflection coefficient κ. Therefore, we can conclude that the larger κ, the bigger the width of stopband.
To increase κ, it is necessary to design reflectors with large number of gratings.
From the simulation results as shown in Fig.3 Generally, the resonance frequency of a SAW resonator would be decreased if a layer of materials deposited on the IDTs and the substrate due to the mass effect [2] . However, we can find the deposition of AlN film on the SAW device increases the resonance frequency of the SAW resonator.
This may be caused by the coupling effect between acoustic waves propagating in AlN film and LGS substrate [17] . 
